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(57) ABSTRACT

A microcontroller includes I/O pins whose respective func-
tions are configurable by an I/O controller in accordance with
user-programmable input. The availability of such config-
urable I/O pins is extended to low-power or power savings
modes of operation during which the /O controller is pow-
ered off or deactivated.
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1
LOW-POWER MODES OF
MICROCONTROLLER OPERATION WITH
ACCESS TO CONFIGURABLE
INPUT/OUTPUT CONNECTORS

FIELD OF THE DISCLOSURE

This disclosure relates to low-power modes of microcon-
troller operation with access to configurable input/output
(I/O) connectors, such I/O pins or I/O pads.

BACKGROUND

Some microcontrollers include, as part of their core com-
ponents, a general purpose input/output (GPIO) controller
that manages all the I/O pins on the chip. In some cases, a user
can specify the function of each I/O pin, which then is con-
figured accordingly by the GPIO controller.

Many microcontrollers have one or more low-power
modes, during which core components, such as the GPIO
controller are powered off or deactivated so as to reduce
power consumption. Although I/O pins having dedicated
functions could be coupled directly to the backup power
management, for example, by bypassing the GPIO controller,
such an arrangement provides limited flexibility in the overall
system during low-power modes of operation because the
function of each such I/O pin is fixed.

SUMMARY

The disclosure described here facilitates extending the
availability of configurable I/O pins or other I/O connectors to
low-power or power savings modes of operation during
which the I/O controller is powered off or deactivated.

In one aspect, for example, a microcontroller that is oper-
able in a power savings mode includes one or more input/
output (I/0) pins. The microcontroller includes an /O con-
troller to configure, in accordance with user-programmable
input, each respective I/O pin either for use as a general-
purpose I/O pin or for assignment to a function associated
with a peripheral device. At least some of the I/O pins are
coupled to the I/O controller, which is operable to provide, as
its output, a signal from a selected one of the I/O pins. The
microcontroller also includes a selector coupled to the output
of the I/O controller, and also coupled to a particular one of
the /O pins by a path that does not pass through the I/O
controller. The selector selects, in accordance with user-pro-
grammable input, either the output of the /O controller or the
path that does not pass through the /O controller. The micro-
controller further includes an external interrupt controller to
receive a signal passing through the selector based on the
selection by the selector. The external interrupt controller is
operable, in response to receiving the signal from the selector,
to provide an output signal that causes the microcontroller to
exit the power savings mode. The I/O controller is powered
off or deactivated while the microcontroller is in the power
savings mode.

According to another aspect, a microcontroller that is oper-
able in a low-power mode includes one or more input/output
(I/O) connectors (e.g., /O pins or I/O pads). The microcon-
troller includes an I/O controller to configure the one or more
1/0O connectors in accordance with respective user-program-
mable functions. At least some of the I/O connectors are
coupled to the I/O controller, which is operable to provide, as
its output, a signal from a selected one of the I/O connectors.
The I/O controller is arranged so that it is powered oftf or
deactivated when the microcontroller is in the low-power
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mode. The microcontroller also includes a backup domain
comprising at least the following components that remain
powered on when the microcontroller is in the low-power
mode:

a multiplexer coupled to the output of the I/O controller,
and also coupled to a particular one of the I/O connectors
by a connection line that bypasses the I/O controller,
wherein the multiplexer is operable to select, in accor-
dance with user-programmable input, either the output
of the I/O controller or the connection line from the
particular one of the I/O connectors; and

a unit to receive a signal passing through the multiplexer
based on the selection by the multiplexer, the unit being
operable, to take a specified action in response to receiv-
ing the signal from the multiplexer (e.g., to provide an
output signal that causes the microcontroller to exit the
low-power mode).

Yet another aspect relates to a method of operating a micro-
controller that has a low-power mode of operation. The
microcontroller includes backup domain components that
remain powered up when the microcontroller is in the low-
power mode and core domain components that are powered
off or deactivated in the low-power mode. The method
includes using an I/O controller to configure a particular [/O
connector in accordance with user-programmable functions
and causing one or more latches associated with the particular
1/O connector to retain configuration information received
from the I/O controller for the particular I/O connector. The
method also includes, after causing the one or more latches to
retain the configuration information, causing the microcon-
troller to enter the low-power mode, during which the I/O
controller is powered off or deactivated. The method further
includes routing a signal from the particular I/O connector to
aunit in the backup domain in a manner that bypasses the [/O
controller while the microcontroller is in the low-power
mode.

Some implementations allow an I/O connector that is con-
figurable by the I/O controller to be used for receiving a signal
that is monitored, for example, by an external interrupt con-
troller in the microcontroller so as to trigger an external
interrupt that can be used, for example, to wake up the micro-
controller and cause it to exit the low-power (or power sav-
ings) mode and return to active mode. The foregoing tech-
niques, including use of the multiplexer in the backup
domain, can be accomplished without adding significant
complexity to the backup domain circuitry. At the same time,
the I/O controller can remain part of the core domain circuitry
that is powered off or deactivated during the low-power mode
to reduce power consumption.

Other aspects, features and advantages will be apparent
from the following detailed description, the accompanying
drawings and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of a micro-
controller including a configurable I/O pin that is available for
use in a low-power mode.

FIG. 2 is a flow chart illustrating a method of operation of
the microcontroller of FIG. 1.

FIG. 3 is a block diagram of showing an example of a
microcontroller including a configurable /O pin that is avail-
able for use in a low-power mode.

DETAILED DESCRIPTION

As illustrated in FIG. 1, a microcontroller 10, which may
be implemented, for example, as an integrated circuit chip,



US 9,250,690 B2

3

includes a GPIO controller 12 that forms part of microcon-
troller’s core domain. Microcontroller also 10 includes a
power manager 18 that forms part of the microcontroller’s
backup domain and remains powered on even when micro-
controller 10 is in the low-power mode. Among other things,
power manager 18 controls when microcontroller 10 is placed
into a low-power mode. During the low-power mode, com-
ponents in the core domain, including GPIO controller 12, are
powered off or deactivated. The low-power mode sometimes
may be referred to as a “shutdown mode” or “backup mode.”
Some implementations may include other power-savings
modes, although GPIO controller 12 may not necessarily be
powered off or deactivated during all the other power-savings
modes.

In the illustrated example, the backup domain also includes
an external interrupt controller (EIC) 30, discussed in greater
detail below. In some implementations, the backup domain
includes other components as well, such as backup registers,
an asynchronous timer, a watchdog timer, and a serial
receiver/transmitter interface.

Microcontroller 10 also includes a user interface 20 that
allows a user to program various aspects of the microcontrol-
ler’s functionality.

Microcontroller 10 further includes multiple 1/O pins, sev-
eral of which areillustrated in FI1G. 1 (i.e., [/O pins 20, 22, 24).
The I/O pins allow signals to be received by microcontroller
10 from external locations and allow microcontroller 10 to
send signals to external locations. Although FIG. 1 illustrates
only three 1/O pins, microcontroller 10 may have many more
1/0O pins, which allow microcontroller 10 to send signals to
locations outside the chip and to receive signals from outside
the chip. Furthermore, in some implementations, the I/O pins
may take the form of other types of 1/O connectors, such as
1/0 pads.

GPIO controller 12 manages and controls the /O pins,
including I/O pins 20, 22, 24. In a particular implementation,
GPIO user interface registers are organized into ports, each of
which controls thirty-two different I/O pins, which are con-
figurable through a peripheral bus interface 26. Each port can
include a respective set of configuration registers 28 in the [/O
pins. Thus, GPIO controller 12 enables a programmer to
configure each 1/O pin for use as a general-purpose /O pin or
to be assigned to a function associated with a peripheral
device (e.g., USART or SPI). During active (i.e., run) mode,
the 1/O pin (e.g., 20, 22, 24) signals are selected by GPIO
controller 12 using a first selector such as multiplexer 32. As
explained in greater detail below, one or more of the config-
urable I/O pins (e.g., [/O pin 24) also serves as a backup I/O
pin that can be used even when microcontroller 10 is in the
low-power mode.

In the illustrated example, a respective pull-up/pull-down
resistor and slew rate controller are integrated with each I/O
pin (including I/O pins 20, 22, 24). Programming these fea-
tures can be performed independently for each I/O pin
through GPIO controller 12. After reset, the I/O pins can
default as inputs with the pull-up and pull-down resistors
disabled and the slew rate controller enabled.

In the illustrated example, /O pins 20, 22 currently are
assigned to the external interrupt controller (EIC) 30, which is
part of the backup domain and remains powered on even
when microcontroller 10 is in the low-power mode. EIC 30
allows 1/O pins to be configured as external interrupts, where
each external interrupt has its own interrupt request and can
be individually masked. In various implementations, each
external interrupt can generate an interrupt on a rising or
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falling edge, or on a high or low level signal. In some cases,
the external interrupts can be used to wake up microcontroller
10 from power save modes.

As shown in FIG. 1, an additional selector such as multi-
plexer 34 is provided in the backup domain and also remains
powered on when microcontroller 10 is in the low-power
mode. An output line 36 from multiplexer 34 is coupled as an
input to EIC 30. Through user interface 20, a programmer can
choose when multiplexer 34 is configured to pass /O signals
from GPIO controller 12 to ETC 30 and when it is configured
to pass signals from a backup /O pin (e.g., [/O pin 24) to EIC
30 in a manner that bypasses GPIO controller 12. In particu-
lar, user interface 20 includes a back-up multiplexer (“BKUP-
MUX”) register 38 that can be configured by a user (e.g.,
through software) to select whether signals from GPIO con-
troller 12 or backup I/O pin 24 are passed to ETC 30.

For example, during the active mode when the core domain
(including GPIO controller 12) is powered on, GPIO control-
ler 12 controls which of the signals from I/O pins 20, 22, 24
pass through multiplexer 32 and is provided to EIC 30. Thus,
by programming GPIO controller 12, a user can assign EIC
line 36 to any one of /O pins 20, 22, 24. On the other hand,
during the low-power mode, GPIO controller 12 is powered
off or deactivated so as to reduce power consumption. Since
1/O pins 20,22 can be coupled to EIC 30 only by way of GPIO
controller 12, those pins cannot be used to trigger an interrupt
while microcontroller 10 is in the low-power mode. Never-
theless, as noted above, one or more I/O pins (e.g., [/O pin 24)
are coupled directly to multiplexer 34 in the backup domain
and, as explained below, allow the external interrupt function-
ality of EIC 30 to be extended to the low-power mode.

To extend the external interrupt functionality to the low-
power mode, backup /O pin 24 should be configured by
GPIO controller 12 for that functionality before microcon-
troller 10 enters the low-power mode (FIG. 2, block 100). The
configuration information may include, for example, a signal
specifying that the I/O pin 24 as an input 1/O. As described
above, the configuration information is sent by GPIO control-
ler 12 over peripheral bus interface 26. In some cases, I/O pin
24 already may have been configured. However, since the [/O
pins, including I/O pin 24, are configurable by GPIO control-
ler 12 as a general purpose 1/O pin or can be assigned to a
function of a peripheral device, I/O pin 24 may previously
have been configured differently and, therefore, may need to
be configured again prior to microcontroller 10 entering the
low-power mode.

Also, to extend the external interrupt functionality to the
low-power mode, the user should configure the BRUPMUX
register 38 so that multiplexer 36 routes signals from backup
1/0 pin 24 to EIC 30 (FIG. 2, block 102). This task also should
be performed before microcontroller 10 enters the low-power
mode.

Just prior to microcontroller 10 entering the low-power
mode (i.e., just before the core logic, including GPIO con-
troller 12, is powered down or deactivated), power manager
18 provides a signal (“low-power mode enable”) to enable
latches 40 in /O pin 24 (FIG. 2, block 104). Latches 40 can be
implemented, for example, as flip-flops or other logic. When
latches 40 are enabled, they retain the values of the most
recent I/O pin configuration information that was received
from GPIO controller 12. The I/O pin configuration informa-
tion may include, for example, one or more of an “input data”
signal indicating whether a logical one (“1”) or zero (“0”) is
driven onto the I/O pin, an “enable” signal to select whether
the I/O pin is used as an input or an output, and a “drive
strength control” input signal to choose between multiple
drive strength. This or other pin configuration information
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(e.g., slew rate) can be retained even after microcontroller 10
enters the low-power mode (i.e., even after GPIO controller
12 is powered off or deactivated). Microcontroller 10 then
enters the low-power mode (FIG. 2, block 106).

The foregoing operations allow an I/O pin (in this case [/O
pin 24) that is configurable by GPIO controller 12 to be used
for receiving a signal that is monitored by EIC 30 (FIG. 2,
block 108) so as to trigger an external interrupt that can be
used, for example, to wake up microcontroller 10 and cause it
to exit the low-power mode and return to active mode (FIG. 2,
block 110). In particular, a signal on I/O pin 24 is passed to
multiplexer 34 in the backup domain. Multiplexer 34, in turn,
passes the signal to EIC 30 which generates a signal to wake
up microcontroller 10 and return it to the active (i.e., run)
mode. Other 1/O pins (e.g., /O pins 20, 22) may remain
unused while microcontroller 10 is in the low-power mode
because they are coupled to the backup domain only through
1/0O controller 12, which remains powered off or deactivated
in the lower-power mode.

The user can program BKUPMUX register 38 so that it
either remains active or becomes deactivated when microcon-
troller 10 returns to the active (i.e., run) mode. [f BRKUPMUX
register is deactivated when microcontroller 10 returns to the
active mode, then control of I/O pins 20, 22, 24 will return to
GPIO controller 12, which is powered on or activated during
the active mode.

The foregoing techniques, including use of multiplexer 36
in the backup domain, can be accomplished without adding
significant complexity to the backup domain circuitry. At the
same time, GPIO controller 12 can remain part of the core
domain circuitry that is powered off or deactivated during the
low-power mode to reduce power consumption. In addition,
the addition of multiplexer 36 does not degrade the multiplex-
ing capabilities within GPIO controller 12.

In the illustrated example, backup I/O pin 24 is enabled for
use both in the active mode and in the low-power mode. In
some implementations, however, backup /O pin 24 may be
used only for the low-power mode. Furthermore, although the
illustrated example refers to only one of the I/O pins as being
available for use during the low-power mode, other imple-
mentations may include multiple such /O pins, each of which
can be configured by GPIO controller 12 prior to microcon-
troller 10 entering the low-power mode. In that case, multi-
plexer 34 would select from among the output of GPIO con-
troller 12 and the connection lines for the I/O pins that bypass
GOIP controller 12.

Also, in the foregoing example, an I/O pin that is config-
urable by GPIO controller 12 and that can be used in the
low-power mode is assigned to EIC 30 so as to trigger an
external interrupt and wake-up microcontroller 10. A similar
approach can be used to monitor external signals on one or
more 1/O pins that are configurable by GPIO controller 12 and
that can be used in the low-power mode where the config-
urable I/O pins are assigned to another component in the
backup domain, for example, a picopower universal asyn-
chronous receiver/transmitter (PICOUART) 50, as shown in
FIG. 3. PICOUART 50 provides a minimalistic universal
asynchronous receiver/transmitter (UART) receiver (RX)
line feature in a low-power mode and allows the device to be
awakened from the low-power mode by monitoring the RX
line. In this case, I/O pin 24 would be assigned to PICOUART
50.

Other implementations are within the scope of the claims.
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What is claimed is:

1. A microcontroller operable in a low-power mode, the
microcontroller comprising:

one or more input/output (1/O) connectors;

an /O controller to configure the one or more /O connec-
tors in accordance with respective user-programmable
functions, wherein at least some of the I/O connectors
are coupled to the I/O controller, which is operable to
provide, as its output, a signal from a selected one of the
1/O connectors, wherein the I/O controller is arranged so
that it is powered off or deactivated when the microcon-
troller is in the low-power mode;

a backup domain comprising at least the following com-
ponents that remain powered on when the microcontrol-
ler is in the low-power mode:

a multiplexer coupled to the output of the /O controller,
and also coupled to a particular one of the /O con-
nectors by a connection line that bypasses the I/O
controller, wherein the multiplexer is operable to
select, in accordance with user-programmable input,
either the output of the I/O controller or the connec-
tion line from the particular one of'the I/O connectors;
and

aunit to receive a signal passing through the multiplexer
based on the selection by the multiplexer, the unit
being operable, to take a specified action in response
to receiving the signal from the multiplexer.

2. The microcontroller of claim 1 wherein the I/O control-
ler is operable to configure each of the I/O connectors for use
as a general-purpose 1/O connector or to assign each 1/O
connector to a function associated with a peripheral device.

3. The microcontroller of claim 1 wherein the I/O connec-
tors comprise at least one of either I/O pins or I/O pads.

4. The microcontroller of claim 1 wherein the unit in the
backup domain is an external interrupt controller to which the
particular 1/O connector is assigned.

5. The microcontroller of claim 1 wherein the particular
one of the I/O connectors includes one or more latches that are
enabled before the microcontroller enters the low-power
mode so as to retain [/O connector configuration information
from the I/O controller while the microcontroller is in the
low-power mode.

6. The microcontroller of claim 5 wherein the backup
domain includes a power manager that is operable to provide
a signal to enable the one or more latches.

7. The microcontroller of claim 1 wherein the unit to
receive the signal passing through the multiplexer is operable,
in response to receiving the signal from the multiplexer, to
provide an output signal that causes the microcontroller to
exit the low-power mode.

8. A method of operating a microcontroller that has a
low-power mode of operation, the microcontroller including
backup domain components that remain powered up when the
microcontroller is in the low-power mode and core domain
components that are powered off or deactivated in the low-
power mode, the method comprising:

using an input/out (I/0) controller to configure a particular
1/O connector in accordance with user-programmable
functions;

causing one or more latches associated with the particular
/O connector to retain configuration information
received from the /O controller for the particular 1/0
connector;

after causing the one or more latches to retain the configu-
ration information, causing the microcontroller to enter
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the low-power mode, wherein the /O controller is pow-
ered off or deactivated while the microcontroller is in the
low-power mode;

causing a multiplexer in the backup domain to be config-

ured so as to connect a path from the particular 1/O
connector to aunit in the backup domain in a manner that
bypasses the I/O controller; and

routing a signal from the particular I/O connector to the

unit in the backup domain in a manner that bypasses the
1/O controller while the microcontroller is in the low-
power mode.

9. The method of claim 8 wherein the signal from the
particular /O connector is routed to an external interrupt
controller to which the particular I/O connector is assigned.

10. The method of claim 8 wherein causing the one or more
latches to retain the configuration information includes
enabling the one or more latches by providing a signal to the
one or more latches from a power manager in the backup
domain.

11. The method of claim 8 including configuring the mul-
tiplexer in the backup domain in response to user-program-
mable input.

12. The method of claim 8 wherein, in response to receiv-
ing the signal from the particular I/O connector, the unit in the
backup domain generates a signal that causes the microcon-
troller to exit the low-power mode.

13. The method of claim 12 wherein, when the microcon-
troller exits the low-power mode, the multiplexer couples an
output of the I/O controller to the unit in the backup domain.

14. A microcontroller operable in a power savings mode,
the microcontroller comprising:

one or more input/output (I/O) pins;

an 1/O controller to configure, in accordance with user-

programmable input, each respective I/O pin either for
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use as a general-purpose I/O pin or for assignment to a
function associated with a peripheral device, wherein at
least some of the I/O pins are coupled to the I/O control-
ler, which is operable to provide, as its output, a signal
from a selected one of the I/O pins,

a selector coupled to the output of the I/O controller, and
also coupled to a particular one of the /O pins by a path
that does not pass through the I/O controller, wherein the
selector selects, in accordance with user-programmable
input, either the output of the I/O controller or the path
that does not pass through the I/O controller; and

an external interrupt controller to receive a signal passing
through the selector based on the selection by the selec-
tor, the external interrupt controller being operable, in
response to receiving the signal from the selector, to
provide an output signal that causes the microcontroller
to exit the power savings mode,

wherein the /O controller is powered off or deactivated
while the microcontroller is in the power savings mode.

15. The microcontroller of claim 14 wherein the particular
one of the I/O pins includes one or more latches that are
enabled before the microcontroller enters the power savings
mode so as to retain [/O connector configuration information
from the I/O controller while the microcontroller is in the
power savings mode.

16. The microcontroller of claim 14 wherein the particular
1/O pin is configured by the 1/O controller to serve as an
external interrupt that causes the external interrupt controller
to generate an interrupt on a rising or falling edge of the signal
from the selector.

17. The microcontroller of claim 14 wherein the selector is
a multiplexer.



